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THIS PAPER 


--represents an effort by the Society to deliver 
technical data direct from the author to the 
reader with the greatest possible speed. Tothis 
end, it has had none of the usual editing required 
in more formal publication procedures. 


Readers are invited to submit discussion apply- 
ing to current papers. For this paper the final 
date on which a discussion should reach the 
Manager of Technical Publications appears on 
the front cover. 


Those who are planning papers or discussions 
for “Proceedings” will expedite, Division and 
Committee action measurably by first studying 
“Publication Procedure for Technical Papers” 
(Proceedings — Separate No. 290). For free 
copies of this Separate—describing style, con- 
tent, and format—address the Manager, Techni- 
cal Publications, ASCE. 


Reprints from this publication may be made on 
condition that the full title of paper, name of 
author, page reference (or paper number), and 
date of publication by the Society are given. 


The Society isnot responsible for any statement 
made or opinion expressed in its publications. 


This paper was published at 1745 S. State Street, 
Ann Arbor, Mich., by the American Society of 
Civil Engineers. Editorial and General Offices 
are at 33 West Thirty-ninth Street, New York 18, 
N. Y. 
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FOUNDATION PROBLEMS OF KERR NO. 3 HYDRO PLANT 


H. H. Cochrane’ and R. A. Sutherland?, M. ASCE 


SYNOPSIS 


A difficult foundation problem of constructing an extension to an ex- 
isting power house in a deep cleft in the rock river bed was success- 
fully overcome by a process of grouting rock and gravel fill. To con- 
serve space a truncated draft tube design was used. An unusual arch 
cofferdam was used to isolate and unwater the working area. 


INTRODUCTION 


The Kerr Hydro-Electric Development of the Montana Power Com- 
pany is located on the Flathead River about four miles below Flathead 
Lake, near the town of Polson, Montana. It consists of an overflow arch 
dam 200 feet high, a power house on the opposite side of a hairpin bend 
in the river, and connecting tunnels between the intake and the power 
house. The dam and first unit of the power plant were constructed in 
1938, the unit having a rated capacity of 56,000 KW. At that time pro- 
vision was made for a second unit, by providing intake facilities and 
power house substructure and stub ends of the second tunnel. The sec- 
ond unit installation was completed in 1948. As a consequence of the 
Hungry Horse dam and the resulting increase in the regulated flow of 
the stream, it was decided in 1951 to add a third unit of similar capacity 
to each of the first two. The most desirable location for the third unit 
from an operation point of view, was on the downstream side of and in 
line with the existing units, but the depth to bed rock below tailwater at 
this point, in line with the downstream edge of the existing plant was 
about 90 feet. Since the side of the river bottom shelves down very 
steeply, any conventional method of cofferdamming was out of the ques- 
tion, and some consideration was given to a location of the third unit in 
a semi-underground plant tunnelled out of the rock cliff. This would in 
effect make a separate pliant, with consequent increased expense for 
handling facilities and operating personnel, and it was decided to over- 
come the inherent difficulty of the preferred location. Figure I shows 
the general layout of the dam, tunnels and power plant. 


Consolidation of Foundation 


It was first necessary to make a solid foundation on which to build 
the extension. Investigation by drilling showed that the rock bottom in 


1. Consulting Engineer, Montana Power Company. 
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line with the existing edge of the power house varied from 65 feet to as 
deep as 90 feet below normal tailwater of 2705. On top of the rock was 
a sloping talus of rock debris, some or most of which had come from 
dumping of tunnel spoil from the original construction in 1937 and 1938. 
This talus was built up to a level platform at approximately elevation 
2665 and extending out approximately in line with the downstream edge 
of the existing power house, by dumping gravel and smoothing this fill 
off to an approximately level surface. Grouting of the previous fill to 
elevation 2665 was accomplished by 30 drill holes not including 10 holes 
used only for investigation of the subsurface conditions. It was estimat- 
ed that the volume of fill below elevation 2665 and bounded by the contin- 
uation of the downstream edge of the existing power house was 36,600 cu 
ft and that the theoretical quantity of grout required for grouting this 
fill would be about 11,000 cu ft (assuming 30 per cent voids) but because 
of leakage into the river and spreading out of the grout a quantity of 
45,192 cu ft was actually used. The following proportions by volume 
were in general used for the grout. 


Loose Fill Medium Tight Hard Pumping 


Cement cu ft 2 2 2 
Alfesil cu ft 1 1 1 
Sand cu ft 5 3 0 
Water (galls) . 16 17 19 


The maximum pressure was 150 psi. 

Figure 2 shows a plan of the cofferdam layout, Figure 3 a developed 
section along the curve of the cofferdam and Figure 4 a cross section. 

This work of grouting the debris was tedious and rendered more diffi- 


cult by weather and frequent fluctuations of the water in the river. The 
results of grouting any one hole was constantly checked in adjacent holes. 


Arched Cofferdam 


In the layout of the plant it was apparent that the length from center- 
line of the unit to the downstream face of the draft tube should be re- 
duced to the minimum, since the work of consolidation and cofferdam- 
ming would become increasingly difficult as the distance out from the 
bank increased. It was found possible, in cooperation with the turbine 
manufacturer, to reduce the horizontal length of draft tube, as compared 
with those previously used, by as much as 17 feet, without seriously im- 
paring the efficiency of the unit. The centerline of unit could also be set 
back 3 feet, thus saving a total of 20 feet, in extension toward the river. 
The depth of the draft tube was increased by 4 feet. This-reduction in 
the length of draft tube enabled the working area to be isolated by means 
of an arched cofferdam spanning between the rocky abutment of the river 
and the existing power house. A special haunch member was constructed 
to take the thrust adjacent to the power house without imposing an undue 
load on the existing structure. The cofferdam was constructed as fol- 
lows: 

Sheet piling was set up vertically to form a cell four feet wide and 
ten feet long, outlining a segment of the cofferdam. Alignment was 
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established by steel templet set up and anchored just above the water 
level. The piling was driven down to the consolidated rock foundation 
but did not penetrate the rock to any extent. The joint between the bot- 
tom ends of the piling and the rock foundation was made tight by piling 
sand bags on the outside of the joint. The inner and outer walls of the 
cell were tied together by }" rods, spaced from four to six feet verti- 
cally and going through alternate lengths of piling. Removable nuts on 
the ends of these rods allowed the piling to be stripped from the con- 
crete after the concrete had been placed. The concrete was poured with 
a tremie in ten foot lifts. The pours were made from bottom to top on 
succeeding days. 

Having completed one cell, the forms were stripped and set up to 
form the next segment of the arch and so on until the arch had been 
completed. 

There was no special joint between the separate sections of the dam 
but it might be pointed out that inasmuch as sheet piling used for the 
forms resulted in an indented or zigzag contour on the radial face of 
each section, this irregularity served very nicely as a key between 
sections. 

Figure 5 shows the cofferdam construction and Figure 6 shows the 
working area unwatered. A comparison of the new and old draft tubes is 
shown in Figure 7. No model tests were made on the truncated draft 
tube, but it was the manufacturer’s opinion based on available informa- 
tion, that the effect of the reduction in length would be almost entirely 
compensated by the increase in depth. 


Chronology of Construction 


Active engineering studies commended about October 1951. Grouting 


of the fill in the river bed was started in December 1951, and finished 3 . 
in April 1952. Construction of the cofferdam took place between August E 
1952 and December 1952. The area behind the cofferdam was unwa- ; 
tered in January 1953, and the power house external structure was sub- 4 
7 stantially completed by May 1954. k 
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El. 2710.0 


Top of Grouted 
Gravel Fill 


El. 2665.G 


Original Ground Line 
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KERR HYDRO ELECTRIC DEVELOPMENT 


DEVELOPED PROFILE ALONG COFFERDAM 


Figure 3 
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UNIT 3- CROSS SECTION 
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